Lymphocytic gastritis (LG) is an uncommon entity with varying symptoms and endoscopic appearances. This condition, as well as two forms of H. pylori-negative gastritis [chronic active gastritis (CAG) and chronic inactive gastritis (CIG)], appears to be more common in patients with coeliac disease (CD) based on single-centred studies.
SUMMARY Background
Lymphocytic gastritis (LG) is an uncommon entity with varying symptoms and endoscopic appearances. This condition, as well as two forms of H. pylori-negative gastritis [chronic active gastritis (CAG) and chronic inactive gastritis (CIG)], appears to be more common in patients with coeliac disease (CD) based on single-centred studies.
Aim
To compare the prevalence of LG, CAG and CIG among those with normal duodenal histology (or nonspecific duodenitis) and those with CD, as defined by villous atrophy (Marsh 3) .
Methods
We analysed all concurrent gastric and duodenal biopsy specimens submitted to a national pathology laboratory during a 6-year period. We performed multiple logistic regression to identify independent predictors of each gastritis subtype.
Results
Among patients who underwent concurrent gastric and duodenal biopsy (n = 287 503), the mean age was 52 and the majority (67%) were female. Compared to patients with normal duodenal histology, LG was more common in partial villous atrophy (OR: 37.66; 95% CI: 30.16-47.03), and subtotal/total villous atrophy (OR: 78.57; 95% CI: 65.37-94.44). CD was also more common in CAG (OR for partial villous atrophy 1.93; 95% CI: 1.49-2.51, OR for subtotal/total villous atrophy 2.42; 95% CI: 1.90-3.09) and was similarly associated with CIG (OR for partial villous atrophy 2.04; 95% CI: 1.76-2.35, OR for subtotal/total villous atrophy 2.96; 95% CI: 2.60-3.38).
Conclusions
Lymphocytic gastritis is strongly associated with coeliac disease, with increasing prevalence correlating with more advanced villous atrophy. Chronic active gastritis and chronic inactive gastritis are also significantly associated with coeliac disease. Future research should measure the natural history of these conditions after treatment with a gluten-free diet. 5 and the intestinal microbiome. 6 Alteration of the gastric environment has also been proposed as a contributor to the pathophysiology of CD; use of proton pump inhibitors and lack of colonisation with Helicobacter pylori have been association with an increased risk of CD. 7, 8 Lymphocytic gastritis (LG) is an uncommon histopathological finding with diverse clinical manifestations and poorly characterised natural history. 9 While it can be idiopathic or drug-induced, LG also appears to be associated with CD, appearing in up to 30% of such patients. 10 The clinical significance of LG, in patients with or without CD, is unknown, and there is no recognised treatment strategy for this histological finding apart from institution of the gluten-free diet in patients with CD. Investigations of LG in patients with CD have been limited to single-centred studies involving fewer than 300 patients with CD. Moreover, data regarding other forms of gastritis in patients with CD are lacking. In our recent study that found a lower prevalence of H. pylori colonisation in patients with CD, we noted a surprisingly high prevalence of H. pylori-negative gastritis in this population, both chronic active gastritis (CAG) and chronic inactive gastritis (CIG). 7 This led us to hypothesise that these gastric abnormalities correlate with the severity of villous atrophy in patients with CD. We therefore aimed to characterise the relationship between CD and three forms of gastritis:
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LG, H. pylorinegative CAG and H. pylori-negative CIG using data from a national pathology database.
METHODS
We performed a cross-sectional analysis of histopathology specimens submitted to Miraca Life Sciences (Irving, TX, USA), a United States pathology laboratory that receives specimens from 43 states, the District of Columbia, and Puerto Rico. Specimens are interpreted at three sites by a group of 35 gastrointestinal pathologists who use standardised reporting language and diagnostic criteria when formulating reports, as previously described. 7 We included procedures in which a concurrent gastric and duodenal biopsy specimen was submitted to during a 6-year period (2 January 2008 through 2 January 2014), excluding patients with a previous diagnosis of upper gastrointestinal surgery or cancer. subdivided into partial villous atrophy (Marsh 3A) and subtotal or total villous atrophy (Marsh 3B/C). Although duodenal intraepithelial lymphocytosis with normal villous architecture may represent a mild histological form of CD (Marsh 1), due to its relative lack of specificity we have not included patients with this finding in our definition of CD, in accordance with our previous analyses. 7, 12, 13 Patients without these findings were classified as having a normal duodenal biopsy; those with duodenitis (active mucosal inflammation with or without erosions or foveolar cell metaplasia) were classified as normal for the purposes of this analysis.
Lymphocytic gastritis
LG was defined as the presence of at least 25 lymphocytes per 100 epithelial cells on the surface and foveolar epithelium, with chronic inflammation also noted in the lamina propria ( Figure 2 ).
Chronic H. pylori-negative gastritis Chronic active gastritis was defined as the presence of polymorphonuclear cells in the lamina propria in the absence of H. pylori organisms. 14 Chronic inactive gastritis was defined as the presence of dense populations of lymphocytes and plasma cells within the lamina propria, in the absence of activity or H. pylori organisms. 15 Gastric specimens were considered to be H. pylori-negative if H. pylori was not detected on a specific polyclonal immunochemical stain (Cell Marque Corporation, Rocklin, California) that is routinely performed on all gastric specimens. 
Statistical analysis
We calculated the prevalence of LG, CAG and CIG according to the following a priori categories: age (0-19, 20-39, 40-59, and ≥60 years), gender and duodenal histology. The latter category was divided into the following categories: normal, duodenal intraepithelial lymphocytosis (DIL) with normal villi, partial villous atrophy and subtotal/total villous atrophy. For the analysis of LG (but not CAG or CIG), we also calculated the prevalence stratified by H. pylori colonisation. We used the chi-square test to compare the prevalence of these gastritis subtypes in each of these categories, and we subsequently performed multivariate logistic regression using models that included all of the above variables to report odds ratios (OR) and corresponding 95% confidence intervals (CI) for the independent association between each variable and the presence of LG, CAG or CIG. All P-values reported are two-sided. This study was deemed 'nonhuman subjects research' by the Institutional Review Board of Columbia University Medical Center (IRB-AAAF1598) as all data were de-identified prior to being provided to the investigators.
RESULTS
Of 292 336 individuals who underwent concurrent gastric and duodenal biopsy during the specified time period, 4833 were excluded due to a history of upper gastrointestinal surgery or cancer, leaving 287 503 for this analysis. Demographic and histological characteristics are listed in Table 1 . The median age was 53 years, and the majority were older than 40. Of the individuals, 67% were female. Overall, 64% of gastric biopsies were normal. LG was present in 818 (0.3%) individuals, chronic active H. pylorinegative gastritis (CAG) was present in 4619 (2%) and chronic inactive gastritis (CIG) was present in 16 155 (6%), including 15 882 (5.5%) who had no evidence of H. pylori on immunostain. CD was present in 3948 individuals (1.4%), including 2062 (0.7%) with partial villous atrophy and 1886 (0.7%) with subtotal/total villous atrophy. Among the 3948 patients with CD, only 619 (16%) had normal gastric histology.
Increasing age was associated with an increased risk of LG (Table 2) , while gender and H. pylori status were not. The prevalence of LG was 7.3% in patients with CD and the degree of villous atrophy directly correlated with the probability of concurrent LG; those with partial villous atrophy had an LG prevalence of 5.0%, while those with subtotal/total villous atrophy had an LG prevalence of 9.7%. On multivariate analysis, age remained a significant predictor of LG (OR for age ≥60 years compared to 20-39 years 1.83; 95% CI: 1.51-2.21). Among individuals older than 60 years who had CD (n = 1246), 128 (10.3%) had LG. CD was strongly associated with LG on multivariate analysis (OR for partial villous atrophy 37.66; 95% CI: 30.16-47.03, OR for subtotal/total villous atrophy 78.57; 95% CI: 65.37-94.44).
H. pylori-negative CAG was most common in children, prevalent in 2% of individuals younger than 20 years (Table 3) . In contrast, H. pylori-negative CIG was most common in older individuals, affecting 6.1% of subjects older than 60, compared to 5.1% of children (Table 4 ). These differences in CAG and CIG prevalence according to age remained significant on multivariate analysis. CD was more likely in those with CAG (OR for partial villous atrophy 1.93; 95% CI: 1.49-2.51, OR for subtotal/total villous atrophy 2.42; 95% CI: 1.90-3.09) and was similarly associated with CIG (OR for partial villous atrophy 2.04; 95% CI: 1.76-2.35, OR for subtotal/ total villous atrophy 2.96; 95% CI: 2.60-3.38).
Duodenal intraepithelial lymphocytosis with normal villous architecture was positively associated with LG (OR: 6.15; 95% CI: 5.06-7.47), CAG (OR: 1.65; 95% CI: 1.50-1.82) and CIG (OR: 1.42; 95% CI: 1.34-1.51). In each category of gastritis, the association with intraepithelial lymphocytosis was weaker than the association with CD.
DISCUSSION
In this analysis of a nationwide pathology database of patients undergoing concurrent gastric and duodenal biopsies, we found that the prevalence of LG was significantly greater in those with CD (7.3%) than those without CD (0.15%), with an increasing prevalence correlating with the degree of villous atrophy. While gender and H. pylori status were not associated with LG, increasing age was with the consequence that patients with CD older than 60 years had a prevalence of 10.3%. H. pylori-negative CAG and CIG were also more common in patients with CD than those with normal duodenal biopsies, and a similar relationship between degree of villous atrophy and prevalence of gastritis was present. Villous atrophy was an independent risk factor for LG, CAG and CIG on multivariate analysis. The association between CD and LG is well established. The common feature of intraepithelial lymphocytosis in these two entities was invoked in an early series of patients with LG 16 and subsequent studies confirmed this association, 9, 10, 17 with one series noting that increased gastric intraepithelial lymphocyte counts decreased on follow-up biopsy in five patients. 18 In a study of 39 patients with CD and LG, Bhatti and colleagues found that these patients had more severe villous atrophy, higher transglutaminase antibody levels and lower serum albumin than those patients with CD who did not have LG. 19 More recently LG has been reported as a druginduced entity; in a case series of 22 patients with severe sprue-like enteropathy attributed to the angiotensin receptor blocker olmesartan, LG was reported in five patients. 20 Our current study, which includes the largest number of CD patients with LG to date, found a gradient of LG prevalence according to the degree of villous atrophy, suggesting that LG reflects the host immune response to dietary gluten. We found that there was no association between gastric H. pylori colonisation and LG. This is consistent with a recent single-centred investigation by Nielsen, et al. that found that among 56 cases of LG, 54 had a predominant intraepithelial lymphocytosis and lacked H. pylori, while the two H. pylori-positive cases had a prominent neutrophilic infiltrate in the epithelium and lamina propria. 21 Given that our previous study found a negative association between H. pylori and CD, 7 and that the present analysis found a positive association between LG and CD, it is not surprising that on multivariate analysis (Table 2 ), H. pylori was negatively associated with LG, though this finding did not meet statistical significance (OR: 0.87; 95% CI: 0.67-1.12).
To our knowledge, this is the first investigation testing for an association between H. pylori-negative CAG or CIG with CD. This study has a number of strengths, including its large sample size and uniform definitions and reporting terminology. The multicentre setting allowed us to generate prevalence data more reflective of the true prevalence of LG and non-H. pylori CAG and CIG as compared to single-centred studies. Our study was limited by the lack of serological details of patients with villous atrophy, leaving open the possibility of misclassification, as not all patients with villous atrophy have CD (though this is the most common cause of villous atrophy, even among patients with negative CD serologies). 22 We also lacked details regarding the clinical presentation of patients with these three types of gastritis. As such, the clinical implications of these gastric histological abnormalities, and how they may affect of the natural history of CD, are not known. As this was a cross-sectional study, we do not know if gastritis preceded CD, occurred synchronously or appeared subsequent to the development of villous atrophy. It therefore cannot be determined whether LG, CAG or CIG triggers CD in certain individuals, is a consequence of gluten exposure, or reflects an autoimmune diathesis that is independent of CD activity. Gastric biopsies are often taken when a patient undergoes duodenal biopsy. This is advocated partially to explore for the presence of H. pylori gastritis that may be a cause of DIL. 23 The very frequent finding of abnormal gastric histology in patients with CD is corroborated in our data, with only 16% having normal gastric histology in this group. This finding may be noted by the clinician, but there is typically no further action initiated after the report is noted. This is because we have no information about the clinical significance of nonHelicobacter gastritis. Our results support the strong association between CD and gastric pathology, with increasing rates of gastric pathology corresponding to the severity of villous atrophy. These findings open avenues of research regarding the role of the stomach in the pathogenesis of CD. Specifically, questions arise about the influence of gastric pathology on digestion, drug metabolism or the microbiome as well on the longterm effect on general health of an individual. In recent years, there has been consideration that long-term blocking of gastric acid production by PPIs may have a deleterious effect on health. 8, 24 Longitudinal studies of patients with gastric pathology in those with CD are warranted, especially in children.
We acknowledge that in this observational study, we restricted our analysis to those individuals who underwent concurrent gastric and duodenal biopsy. Among all patients undergoing duodenal biopsy during the time period of this analysis (2 January 2008 to 2 January 2014), 65% of those with CD had a gastric biopsy, compared to 82% of those without CD. As such, the prevalence estimates of LG may differ from that of a protocolised study in which every patient undergoing duodenal biopsy undergoes a concurrent gastric biopsy. Nevertheless, our risk estimates would only be biased if those patients with CD and LG were more likely to undergo gastric biopsy compared to non-CD patients with LG. Given that gastric biopsy is determined by a multitude of factors apart from CD (particularly the endoscopic appearance of the stomach), it is unlikely that these large difference in gastritis prevalence is driven by these different rates of gastric biopsy.
In conclusion, we found a strong association between CD and LG, and a weaker (but significant) association between CD and two other forms of H. pylori-negative gastritis, CAG and CIG. For all three of these gastritis subtypes, these outcomes were more common among patients with more severe villous atrophy. Future studies should determine the clinical implications and natural history of gastritis among patients with CD.
